Objectives: The aim of this study is to investigate the effects of combined epidural analgesia with total intravenous anaesthesia and only total intravenous anaesthesia on the different clinical parameters. Methods: Sixty high risk patients undergoing a major abdominal surgical procedure were included in this prospective, double blind, randomized study. Induction of anaesthesia was performed with IV remifentanil 0.5µg/kg and propofol titrated to achieve bispectral index score between 40 and 50. after intubation; in Group E, 0.1% bupivacaine and 2 µg/mL fentanyl were administered by an infusion rate at 0.15 ml/kg/h via the epidural catheter and Group C received epidural normal saline as same infusion rate.
Introduction
Improving efficiency of perioperative management becomes more important in the modern practice of anaesthesiology by using intravenous (IV) and regional anesthesia with either general anesthesia or peripheral nerve blockades. [1, 2] Epidural analgesia and general endotracheal anaesthetic techniques can be valuable adjuvants to fast-track anesthesia techniques for major surgery, providing a rapid recovery from anesthesia; it thereby facilitates early discharge from the hospital and allows rapid return to normal activities of daily life after ambulatory surgery. [3] [4] [5] The benefits of epidural analgesia are most apparent when it is used as part of a multimodal analgesic regimen. [6, 7] A total IV anesthesia (TIVA) regimen with remifentanil and propofol have been turning out to be an alternative to inhalation anesthesia because of no accumulation, rapid induction feature and effectively controlling responses to tracheal intubation and allowing for rapid emergence from anesthesia without prolonged respiratory depression. [8] [9] [10] TIVA is well documented with regard to effect, tolerability and safety. [11] [12] [13] [14] Combination of epidural and general anesthesia is proposed to be associated with more rapid recovery, [15, 16] reduced blood loss, [17] reduced risk of venous thrombosis, [18] early mobilization of the patient [19, 20] and shortened stay in intensive care units. [19, 21, 22] The bispectral index score (BIS) has been proven to correlate well with the hypnotic state of the patient during both inhaled and IV anesthesia. [23] The recommended target range for the BIS value during surgical anesthesia is between forty and sixty. [24] The BIS monitor is used to reduce the risk of intraoperative awareness [25] and to guide administration of anaesthetics to prevent unnecessarily deep anesthesia resulting with prolonged recovery time.
In this study, we investigated the effects of combined epidural analgesia with TIVA and TIVA on the intraoperative hemodynamic response, induction doses (IDs), maintenance doses (MDs), drug consumption, recovery, patient satisfaction and cost.
Materials and Methods
The study protocol was approved by the Local Ethics Committee and all patients provided written informed consent forms.
This study consisted of 60 consecutive patients with American Society of Anaesthesiologists (ASA) classification III and undergoing major abdominal surgery expected to last at least 4 hours. The patients were randomized into 2 groups (Group E; epidural administration group (n=30) and Group C; control group (n=30) in a blind fashion.
Exclusion criteria were patients with age<60 years, ASA<III or ASA>III, patients undergoing emergent operation, patients with known coagulation disorders, neuraxial pathology, and patients having general contraindications for epidural anesthesia including patients' refusal, known hypersensitivity to the study drugs, preoperative analgesic and hypnotic usage, those receiving B-blockers, and those with a history of drug allergy or abuse and left ventricular ejection fraction <30%.
Gender, age, weight, and height of the included patients were recorded. On arrival at the operating room (OR), patients were received 10 mL/ kg of IV Lactated Ringer's (LR) solution. Routine monitorization was performed by using electrocardiogram (ECG), pulse oximetry, invasive blood pressure measurements and urine output. After then patients were sedated with midazolam 1 mg, an epidural catheter was inserted through a 17 Gauge Tuohy needle at T12-L1 intervertebral space using the median approach with the loss of resistance technique and advanced 3-4 cm. The patients were placed in the supine position. Group E was induced by epidural administration of 0.166% bupivacaine+10 µg/mL fentanyl (bolus 8-10 ml) firstly and the same solution volume as the bolus of normal saline (NS) was administered in group C by epidural catheter. Ten minutes later, motor and sensory blocks were assessed by Bromage Scale [26] (0-4) and pinprick.
The anaesthesiologist performing the epidural block and setting the epidural infusion was not aware of the group allocation. Another independent anaesthesiologist prepared all epidural injections. BIS was monitored by using BIS VISTA™ (Aspect Medical Systems Inc., Norwood, MA, USA) throughout the procedure and the operation.
An initial bolus of remifentanil (0.5μg/kg) and 1 mg/ kg of propofol with lidocaine (20mg) was administered to all patients; then incremental doses of propofol 20 mg for every 30 seconds were given until the BIS value reached 40-50, endotracheal intubation was facilitated by rocuronium 0.6 mg/kg. The doses of propofol required for induction were noted.
After endotracheal intubation, the epidural catheter was connected to an infusion pump that delivered 0.15 ml/kg/h of 0.1% bupivacaine +2 µg/mL fentanyl in group E. In group C; NS was administered by epidural catheter with same infusion rate. General anesthesia was maintained with oxygen/air (50%/50%) and propofol administration of 40-150 μg/kg/min was titrated to maintain BIS between 40 and 50, and patients were given remifentanil maintenance dose of 0.15-1.0 μg/kg/min. Subclavian central venous pressure catheter was also inserted.
Inadequate analgesia was defined as an increase in systolic blood pressure (SBP) and/or heart rate (HR) by >20% of baseline values for at least 5 minutes in response to a surgical stimulus. In cases of inadequate analgesia; patients were treated with bolus remifentanil 1 μg/kg. Additional bolus doses of rocuronium were injected if necessary.
At the end of the study period, maintenance dose requirements of propofol and remifentanil were calculated by dividing the total amount of the individual drug used for maintenance by duration of the study period (h) and patient's weight in kilograms, thus giving the individual drug consumption in μg/ kg/h. Bradycardia was defined as HR under 40/minute and hypotension as a decrease of 20% of base line in SBP. Bradycardia was treated by atropine 0.01mg/kg and At the end of surgery, all anaesthetics (remifentanil, propofol) were stopped simultaneously without previous tapering, and ventilation was controlled with 6 L/min of oxygen until the return of spontaneous ventilation. The extubation was performed after determination of adequate spontaneous ventilation (tidal volume of 4 mL/kg) and patient's response to verbal commands. The time of eye opening, hand pressing, spontaneous breathing, tracheal extubation, recalling name, date of birth, and getting a Modified Aldrete's Recovery Score [27] over 9 were measured. Any intra and post anesthesia adverse events or experiences were assessed and recorded. Complications, morbidity and mortality in 30 days and after 30 days were recorded.
The statistical analyses were performed using software Statistical Package for Social Sciences® version 15.0 (SPSS®, IBM® Corp., Armonk, NY, USA). The Kolmogorov Smirnov test was used to evaluate whether the variables were normally distributed. The Continuous variables are presented as mean±Standard Deviation (SD) or as median (interquartile range). The unpaired Student-t test and Chi-square tests were used for comparisons of normally distributed continuous variables and categorical variables in two groups. The Mann-Whitney U test was used for abnormally distributed variables. Bivariate correlation analyses were made using Pearson and Spearman correlation tests. A p value <0.05 was considered as statistically significant.
Results
There were 63 patients included in this study, but 3 of them were excluded from the group C because of intraoperative hypertension requiring the administration of fentanyl and IV nitro-glycerine. The groups were compared according to demographic data, the duration of anesthesia, duration of surgery, site of surgery and pre-existing medical conditions (Table 1 ).
There was no significant difference between the groups according to the side effects of protocols (p=0354). The observed side effects were hypotension in 3 patients from group E vs. none from group C, shivering in 3 patients from group E vs. 2 patients from group C and tachycardia in 1 patient from group C vs. none from group E ( Table 2 ).
The mean interval for beginning of spontaneous respiration after cessation of propofol infusion was significantly shorter in group E than group C (p=0.016). The mean time for adequate respiration sign was also significantly earlier in group E (p<0.001). There was no significant difference in mean duration to eye opening with audible warning between two groups (p=0.136). We also found that the durations from cessation of propofol infusion to extubation (p=0.003), verbal response (p=0.009) and full recovery of modified Aldrete's score (p<0.001) were significantly shorter in group E than group C ( (Figure 1 ).
There was no significant difference determined for SPO 2 between group E and group C on any period (p<0.05) except on 300 th minute (p=0.021) ( Table 4) .
We didn't find any significant difference for HR between two groups except on 300 th minute after intubation (p=0.012), postoperative 5 th (p<0.001), 15 th (p<0.001) and 30 th (p<0.001) minutes which were significantly lower in group E than in group C (Table  5 ) (Figure 2 Effects of combined epidural analgesia with total intravenous anesthesia on risky patients underwent major abdominal surgery In group E; we found that the differences of HR were significant for the stages as baseline vs. post intubation 1 st minute and 10 th minute vs. 15 th minute (p<0.05 for each).
The epidural analgesia had a significant effect on propofol and remifentanil requirement. Requirement of propofol for IDs (to provide BIS=45) and MDs (to provide BIS=40-50) significantly reduced in the group E than in group C (p<0.001 for each). The MDs of remifentanil significantly reduced in the group E than in the group C (p<0.001). Total propofol and remifentanil consumptions were significantly lower in group E than in Group C (p<0.001) ( Table 6) . During surgical anesthesia, propofol requirements in patients receiving bupivacaine were reduced by approximately %34 and similarly remifentanil approximately reduced by %25.
Discussion
Buchanan et al. [28] proposed that gender has an independent effect on recovery times in patients undergoing general anesthesia. They concluded that women are less sensitive to the hypnotic effect of anaesthetic drugs than men and may help explain faster recovery times in women. Since the female/ male ratio was the same in this study, effect of gender on dose requirement was excluded.
It has been shown that TIVA application is quite successful in ambulatory and minor surgery, however there is less data related to the use of the short-acting anaesthetic IV agents with pre-emptive epidural analgesia in long lasting major abdominal surgery. The recommended doses of propofol for induction dose(ID) and maintenance dose(MD)of anesthesia are 1-2.5 mg/kg and 50-150 μg/kg/min, respectively. [19, 22, 29, 30] In this study, IDs of both groups for propofol OCTOBER 2015 176 PAIN A RI were established compatible with these mentioned limits. However propofol ID was found significantly low in group E. Besides, propofol anesthesia MDs in group C was established in mentioned limits but found significantly higher than that in group E. In Group E, propofol MD was found to be significantly lower than recommended dose interval.
The recommended remifentanil MD of propofol anesthesia is 0.05-2 μg/kg/min. [31, 32] The requirements of remifentanil during maintenance of anesthesia in both groups were within the recommended range of remifentanil infusion. In our study, remifentanil MDs was found to be significantly lower in group E than that in group C.
Choosing the most appropriate dose of local anaesthetics is one of the most important factors in providing the balance between pain control and adverse event. Bupivacaine, a local anaesthetic, administered via epidural catheter can be used in doses as low as 0.0625-0.125%. [33, 34] High doses more than 0.15% of bupivacaine via epidural route may cause adverse events such as motor block, orthostatic hypotension. [35, 36] Casati et al. [37] examined MAP and BIS during induction. They found a significantly increase after intubation, by 18% and 49% respectively; a larger increase in BIS was seen. Changes in MAP reflect the neuroendocrine response to pain and this response mainly blocked by the induction drugs (thiopental or IV lidocaine). They conclude that epidural bupivacaine does not alter the thiopental dose, but it decreases isoflurane requirements by 35%. This study demonstrates that both doses of bupivacaine and fentanyl induce similar isoflurane-sparing effects. However, patients receiving 0.125% bupivacaine showed lower values of MAP when compared with controls, and thus bupivacaine 0.0625% should be favoured during combined anesthesia.
Whitehead E et al. [38] used ropivacaine 0.5%, 0.75% and 1.0% in an open study of extradural anesthesia in three groups of 15 patients undergoing urological or orthopaedic surgery. Analgesia was satisfactory for surgery in all patients except for one in the 0.75% group. Hypotension was experienced by three patients in the 0.5% group, seven patients in the 0.75% group and three patients in the 1.0% group. Bradycardia occurred in seven patients and was associated with hypotension in five. Backache was experienced after operation by four patients.
It is also concluded in a previous study (examining the influence of epidural morphine on the endtidal sevoflurane concentration) that there was no significant difference between groups for end-tidal sevoflurane concentrations at identical BIS values and hemodynamic values at any time in the study. [39] Zhao et al. [40] investigated the hemodynamic effects between the two established Anesthetic managements: thoracic epidural anesthesia combined with general anesthesia (TEA+GA) as well as TIVA. The patients received TEA with 0.25% bupivacaine (bolus 0.5 mg/kg firstly and then infused continuously with 0. 2 ml/kg/h). In TIVA group, the patients received 0.9% saline via epidural catheter just with the same bolus volume and same infusion rate as in TEA+GA group. After epidural infusion of bupiva-
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Effects of combined epidural analgesia with total intravenous anesthesia on risky patients underwent major abdominal surgery A previous retrospective study examined the influence of age on hemodynamic parameters and awakening time in TIVA combined with continuous epidural anesthesia for abdominal surgery. They suggested that the combination of TIVA and continuous epidural anesthesia would be useful to maintain stable hemodynamic state and to obtain early recovery time, especially in the elderly. [23] [24] [25] 28, 30, 41] The combination of TIVA and epidural anesthesia does not require the use of intraoperative intravenous opioids and shortens recovery time without increasing the incidence of side effects [41] [42] [43] and reduce the dose consumption of IV and inhalation anaesthetics. [44] [45] [46] We used 0.1% bupivacaine combined with 2µg/ mL fentanyl infusion doses in our study, and found that MAP values on 10 th min. after intubation and on 5 th , 15 th , 30 th min. after extubation were statistically lower in group E than in group C. However, in both groups, hemodynamic stability was provided in the same way as others studies. Although HR showed decrease in both groups, there was no perioperative difference determined between two groups.
In our study we also found that in major abdominal surgery that lasts more than four hours: the durations of spontaneous breathing after cessation of anesthesia, adequate breathing, verbal response, extubation, orientation and the duration to maintain full Aldrete's score were significantly shorter in group E (p<0,01). There was no relation between application methods and complication, morbidity, mortality. There was not any serious adverse event caused by anesthesia and we found no difference in the incidence of any major complication or death between TIVA and epidural combined with TIVA groups.
Data regarding TIVA or TIVA+epidural anesthesia in long lasting major abdominal surgery is insufficient. We investigated the effect of epidural analgesia with TIVA on the intraoperative hemodynamic response, IDs and MDs, recovery (as evaluated by using the bispectral index BIS), drug consumption. Significant reduction in the dose requirement of propofol for induction and maintenance of anesthesia was observed along with a reduction in MDs of remifentanil in the patients who received pre-emptive epidural analgesia. Based on lower requirements for propofol and remifentanil, we conclude that BIS guided combined epidural with TIVA is superior to TIVA in this type of surgery.
